We evaluate the measurement accuracy of the branching ratio of h → τ + τ − at √ s = 250 GeV and 500 GeV at the ILC with the ILD detector simulation. For the √ s = 250 GeV, we assume the Higgs mass of M h = 120 GeV,
Introduction
Since the discovery of Higgs boson by the ATLAS and the CMS experiments [1, 2] , one of the next important themes for particle physics is the investigation of Higgs boson, especially the mass generation mechanism. One of the important properties of Higgs boson is its branching ratio. In the Standard Model (SM) of particle physics, the Yukawa coupling constant of matter fermions with the Higgs boson is proportional to the fermion mass. However, if there are new physics, the coupling constant will deviate from the SM prediction. Besides, the deviation from the SM can be the few-percent level if no additional new particles are to be found at the LHC [3] . Therefore, measuring the branching ratio precisely is a crucial problem from the viewpoint of new physics.
In this document, we focus on the branching ratio of h → τ + τ − . We estimate the measurement accuracy ∆(σ · Br)/(σ · Br) of the h → τ + τ − branching ratio at √ s = 250 GeV and 500 GeV at the ILC with the ILD full detector simulation.
Signal and Background

Signals
There are several Higgs production process as summarized in Figure 1 . The Higgs-strahlung process e + e − → Zh is the dominant process at √ s = 250 GeV. There are three types of signal depending on the decay of Z boson, as shown in Figure 2 . The most sensitive channel at √ s = 250 GeV is Z →mode because of the high statistics. In this document, we concentrate on Z → ℓ + ℓ − mode and Z →mode, because Z → νν mode contributes negligibly than Z →mode. Besides, we only consider Z → e + e − mode and Z → µ + µ − mode as the signal process of the analysis of Z → ℓ + ℓ − mode. The cross section of Z →mode is 19.8 fb, Z → ℓ + ℓ − mode is 1.9 fb, respectively. At the √ s = 500 GeV, the W W -fusion process and Z →mode of Higgs-strahlung process contributes significantly. We concentrate on these two modes of the analyses of √ s = 500 GeV, and we ignore other processes from the analyses.
The cross section of W W -fusion and Higgs-strahlung at √ s = 500 GeV is 149.5 fb and 100.4 fb.
Backgrounds
For the Z → ℓ + ℓ − mode, the possible backgrounds are the processes which including four leptons in the final state. The left diagram of Figure 3 
Simulation Conditions
We perform the detector simulation with Mokka [4] , a Geant4-based [5] full simulation, with the ILD detector model. TAUOLA [6] is used for the tau decay simulation. The ILD detector model is consists of a vertex detector, a time projection chamber (TPC), an electromagnetic calorimeter (ECAL), a hadronic calorimeter (HCAL), a return yoke, muon systems, and forward components. For the analysis of √ s = 250 GeV, we use the signal and background samples which were generated in the context of the Letter of Intent [7] , and use ILD_00 detector model. The effects of beamstrahlung and initial state radiation are included. We assume a Higgs mass of M h = 120 GeV, a branching ratio of Br(h → τ + τ − ) = 8.0 % as assumed by PYTHIA [9] , an integrated luminosity of L dt = 250 fb −1 , and a beam polarization of P (e + , e − ) = (+0.3, −0.8). We also rescale the final result to the case of M h = 125 GeV and the h → τ + τ − branching ratio which includes the NNLO corrections [10] . For the analysis of √ s = 500 GeV, we use the signal and background samples which were generated in the context of ILC Technical Design Report [11] [12] [13] [14] , and use ILD_o1_v05 model. In these samples, the effects of γγ → hadron(s) overlay process are also included. We use the processes of qqh, ννh, ℓ + ℓ − h, 2f, 4f, 5f, 6f, and γγ → 4f (f = fermions). We assume a Higgs mass of M h = 125 GeV, a branching ratio of Br(h → τ + τ − ) = 6.32 % [10] , an integrated luminosity of L dt = 500 fb −1 , and a beam polarization of P (e + , e − ) = (+0.3, −0.8).
4 Event Reconstruction and Event Selection
In this mode, we take the strategy of reconstructing the Z boson first, followed by the reconstruction of the tau pairs from the Higgs decay. We apply lepton identification at first for dividing Z → e + e − events and Z → µ + µ − events by using the information of energy deposit in the calorimeter (E ECAL and E HCAL , where E ECAL(HCAL) is the energy deposit in ECAL(HCAL)) and track momentum (P track ). Figures 4 -7 are the plots of E ECAL /(E ECAL + E HCAL ) and (E ECAL + E HCAL )/P track . The plot of (E ECAL + E HCAL )/P track for the e in e + e − h samples. Figure 7 : The plot of (E ECAL + E HCAL )/P track for the µ in µ + µ − h samples.
From these plots, we define the criteria for lepton identification. The criteria for electron identification (e-ID) and muon identification (µ-ID) are summarized in Table 1 .
After the lepton identification, we apply selections to remove secondary leptons from tau decays. The strategy of this selection is to remove tracks which do not come from the interaction point (IP) by using the track energy E track and impact parameter in the transverse direction d 0 and longitudinal direction z 0 with respect to the beam axis. Figures 8  -13 show the |d 0 /σ(d 0 )|, |z 0 /σ(z 0 )|, and E track plots which through the lepton identification. 
Figure 8: The plot of |d 0 /σ(d 0 )| of e of e + e − h process. Blue, red, and black histograms show the e from Z → e + e − , the e from τ → eν τ ν e , and the hadrons from τ decay, respectively. The plot of |z 0 /σ(z 0 )| of e of e + e − h process. Blue, red, and black histograms show the e from Z → e + e − , the e from τ → eν τ ν e , and the hadrons from τ decay, respectively.
Figure 10: The plot of E track of e of e + e − h process. Blue, red, and black histograms show the e from Z → e + e − , the e from τ → eν τ ν e , and the hadrons from τ decay, respectively. − , the µ from τ → µν τ ν µ , and the hadrons from τ decay, respectively.
We define the tau rejection cut for the objects through the e-ID and the µ-ID respectively as shown in Table 2 . 
We apply the energy recovery procedure to correct the effect of bremsstrahlung and final state radiation. In order to reconstruct the original Z boson, we have to use both the charged particles and the radiated photons. To achieve this, we define the cone as shown in Figure 14 . The four-momenta of the neutral particles in the cone are combined with that of the lepton candidate. We define the half-opening angle of the cone with cos θ cone = 0.999 and apply the recovery procedure to the lepton candidates. The results are shown in Figures 15 and 16 .
After that, we apply the tau finder to the remaining objects to reconstruct tau leptons. First of all, the objects which already used at Z boson reconstruction are rejected from tau reconstruction analysis. Then the finder searches the highest Figure 12 : The plot of |z 0 /σ(z 0 )| of µ of µ + µ − h process. Blue, red, and black histograms show the µ from Z → µ + µ − , the µ from τ → µν τ ν µ , and the hadrons from τ decay, respectively. energy track from the remaining objects, and combine the neighboring particles (which satisfies the angle with respect to the highest energy track less than 1.0 radian) with the combined mass less than 2 GeV. We regard the combined object as a tau candidate. Then repeat these processes until there are no charged particles.
After finishing the event reconstruction, we apply the cuts for selecting signal, rejecting background. Before optimizing the cuts, we apply the preselection as follows for Z → e + e − mode: number of e + and e − = 1, number of τ + and τ − = 1, and for Z → µ + µ − mode: number of µ + and µ − = 1, number of τ + and τ − = 1. We apply the following cuts sequentially for Z → e + e − mode: number of tracks ≤ 8, 115 GeV < E vis < 230 GeV, | cos θ miss | < 0.99, 81 GeV < M Z < 113 GeV, cos θ e − < 0.92, cos θ e + > −0.92, E e − (e + ) < 90 GeV, cos θ τ + τ − < −0.45, cos θ τ − < 0.92, cos θ τ + > −0.92, and 116 GeV < M recoil < 142 GeV, where E vis is the visible energy, θ miss is the missing momentum angle with respect to beam axis, θ e − (e + ) is the e − (e + ) angle with respect to beam axis, E e − (e + ) is the e − (e + ) energy, θ τ + τ − is the angle between τ + and τ − , θ τ − (τ + ) is the τ − (τ + ) angle with respect to beam axis, and M recoil is the recoil mass, respectively. Figure 17 shows the recoil mass distribution. Table 3 shows the cut statistics of this mode. After the cuts, the Z → e + e − signal events of 108.9 and background events of 76.0 remained. The statistical significance is calculated to be S/ √ S + B = 108.9/ √ 108.9 + 76.0 = 8.0σ. Figure 17 : The distribution of recoil mass in the unit of GeV. We apply the following cuts sequentially for Z → µ + µ − mode: number of tracks ≤ 8, 115 GeV < E vis < 235 GeV, | cos θ miss | < 0.98, 72 GeV < M Z < 107 GeV, E e − (e + ) < 90 GeV, cos θ τ + τ − < −0.5, and 118 GeV < M recoil < 143 GeV. Figure 18 shows the recoil mass distribution. 
other SM BG all Figure 18 : The distribution of recoil mass in the unit of GeV. In this mode, the tau pairs are reconstructed first, followed by the dijet reconstruction of the Z decay. At first we apply the tau finder to all objects to reconstruct taus. This tau finder searches the highest energy track and combine the neighboring particles, which satisfy cos θ cone > 0.98, with the combined mass less than 2 GeV. We regard the combined object as a tau candidate. Then we apply the selection cuts as following: E tau candidate > 3 GeV, E cone < 0.1E tau candidate with cos θ cone = 0.9, and rejecting 3-prong with neutral particles events. These selection cuts are tuned for minimizing misidentification of part of quark jets as tau jets. A survived tau candidate is regarded as a tau jet. After the selection cuts, we apply the charge recovery to obtain better efficiency. The charged particles in tau jet which have the energy less than 2 GeV are detached one by one from smallest energy from the tau jet until satisfying the conditions as following: the charge of tau jet is ±1, and the number of track(s) in tau jet is 1 or 3. The tau jet after detaching is rejected if it does not satisfy the above conditions. After the selection cuts and detaching, we repeat the above processes until there are no charged particles which have the energy greater than 2 GeV.
After the tau reconstruction, we apply the collinear approximation [15] to reconstruct tau pair. In this approximation, we assume that the visible decay products of tau and the neutrino(s) from tau is collinear, and the contribution of missing transverse momentum is only comes from the neutrino(s) of tau decay. The invariant mass of the tau pair with the collinear approximation shown in Figure 19 . After that, we apply the Durham jet clustering method [16] with two jets for the remaining objects to reconstruct Z boson.
After the all reconstruction, we apply the cuts to select signal process. Before optimizing cuts, we apply the preselection as follows: number of quark jets = 2, number of τ + and τ − = 1, number of tracks in a tau ≤ 3, and the events which have tracks in both taus = 3 are rejected (double 3-prong cut). We apply the following cuts sequentially to reject the background: 9 ≤ number of tracks < 50, 110 GeV < E vis < 235 GeV, | cos θ miss | < 0.98, 77 GeV < M Z < 135 GeV, 80 GeV < E Z < 135 GeV, cos θ τ + τ − < −0.5,
GeV, 100 GeV < M colapp < 170 GeV, 100 GeV < E colapp < 280 GeV, and 112
GeV < M recoil < 160 GeV, where M τ + τ − and E τ + τ − is the invariant mass and energy of tau pair without using collinear approximation, M colapp and E colapp is the invariant mass and energy of tau pair with collinear approximation, respectively. Figure 20 shows the distribution of recoil mass. Figure 20 : The distribution of recoil mass in the unit of GeV. We take the same analysis strategy which described in Section 4.2. We apply the same tau finder to all objects to reconstruct taus from Higgs boson, followed by collinear approximation [15] , then apply Durham algorithm [16] to remaining objects to reconstruct Z boson. Figure 21 shows the distribution of tau pair mass with collinear approximation for the signal process.
After the reconstruction we apply the cuts to select signal process. Before optimizing, we apply the preselection cut as; number of quark jet = 2, number of τ + (τ − ) = 1, number of tracks in a tau ≤ 3. Then we apply following cuts: number of tracks ≥ 14, thrust < 0.93, | cos θ miss | < 0.95, 70 GeV < M Z < 265 GeV, E Z > 135 GeV, 20 GeV < M τ + τ − < 120 GeV, E τ + τ − < 235 GeV, cos θ τ + τ − < 0.56, 115 GeV < M colapp < 135 GeV, 205 GeV < E colapp < 270 GeV, log 10 |d 0 /σ(d 0 )|(τ + ) + log 10 |d 0 /σ(d 0 )|(τ − ) > 0.4, and log 10 |z 0 /σ(z 0 )|(τ + ) + log 10 |z 0 /σ(z 0 )|(τ − ) > −0.1. Figure 22 shows the distribution of log 10 |z 0 /σ(z 0 )|(τ + ) + log 10 |z 0 /σ(z 0 )|(τ − ). Table 6 shows the cut statistics of this mode. The statistical significance of this mode is calculated to be S/ √ S + B = 453.7/ √ 453.7 + 219.5 = 17.5σ. This result corresponds to the precision of ∆(σ · Br)/(σ · Br) = 5.7 % 4.4 W W -fusion process at √ s = 500 GeV
At first in this mode, we apply the k T algorithm [17, 18] to remove objects from γγ → hadron(s) overlaid process. We use FastJet package [19] as the k T clustering package. We choose the value of generalized radius R of k T clustering of 1.0 currently (more optimization needed). We apply the same tau finder which described in Section 4.1 to all survived objects through the k T clustering, the only difference is the maximum associated angle has been changed from 1.0 radian to 0.76 radian. The most energetic τ + candidate and τ − candidate are combined as it comes from Higgs boson. After the reconstruction, we apply the preselection as the number of τ + (τ − ) ≥ 1, because the γγ → hadron(s) processes produce additional charged particles, and the tau finder which used for this process repeat finding process until there are no charged particles.
Then we apply following cuts: number of tracks ≤ 6, 5 GeV < M vis < 135 GeV, E vis < 240 GeV, P t > 25 GeV, | cos θ miss | < 0.89, M τ + τ − < 115 GeV, −0.86 < cos θ τ + τ − < 0.57, cos θ acop < 0.99, log 10 In ννh events, there are two contributions from W W -fusion and Higgs-strahlung. The number of remained events can be written as:
where ε 1 and ε 2 are the selection efficiency for Higgs-strahlung process and W W -fusion process, respectively. The signal significance is for the i=e,µτ σ Zh × Br(Z → ν i ν i ) × Br(h → τ + τ − ) + σ W W −fusion × Br(h → τ + τ − ).
Summary and Prospects
We evaluate the measurement accuracy of the branching ratio of the h → τ + τ − mode at √ s = 250 GeV and 500 GeV at the ILC with ILD detector full simulation. For the analysis of √ s = 250 GeV, we assume M h = 120 GeV, Br(h → τ + τ − ) = 8.0 %, L dt = 250 fb −1 , and beam polarization P (e + , e − ) = (+0.3, −0.8). The analysis results and scaled results to M h = 125 GeV are summarized in Table 8 .
For the √ s = 500 GeV, the analyses are still ongoing, but we obtain the statistical significance and measurement accuracy as summarized in Table 9 , with assuming M h = 125 GeV, Br(h → τ + τ − ) = 6.32 %, L dt = 500 fb −1 , and beam polarization P (e + , e − ) = (+0.3, −0.8). The result of W W -fusion is better than the expected accuracy in the Technical Design Report [12] . We expect improvement by better treatment of γγ → hadron(s) background and more optimizing tau reconstruction. 
